Wireless sensor is an important part of the Internet of Things, which uses solar cells as power supply. Therefore, it is of great significance to study the characteristics of solar cells. In this paper, a new mathematical model of photovoltaic power generation is established, and the tuning methods of light intensity, temperature, photocurrent, reverse current, and open-circuit voltage are introduced in detail. The simulation experiment of software calculation shows that this method can accurately test the performance characteristics of the PV module. Under different conditions, the mathematical model can calculate the output voltage, the output current, the output power, and the power characteristic curve. The conclusions of this paper have practical application and guiding significance for solar cells as wireless sensor energy sources.
Introduction
A wireless sensor network is a wireless network composed of a large number of stationary or mobile sensors in a self-organizing and multi-hop manner to cooperatively perceive, collect, process, and transmit information about perceived objects within a geographic area covered by the network, and ultimately to the network owner. Wireless sensors typically use solar cells as a power source [1, 2] . The basic principle of photovoltaic power generation is the use of silicon containing semiconductors to produce photovoltaic effects, which directly convert light energy into electrical energy. Photovoltaic power generation device mainly consists of photovoltaic component array, control module, and power electronic inverter module of three major parts. The photovoltaic component array is made up of a series of solar cells connected in series and encapsulated and protected. It is the key device for converting light energy into electric energy (Fig. 1) .
Solar photovoltaic cells (referred to as photovoltaic cells) are used to convert the energy of the sun into electricity directly. At present, a large number of silicon solar cells based on silicon are used in ground photovoltaic system, which can be divided into monocrystalline silicon, polycrystalline silicon, and amorphous silicon solar cells. In the aspect of energy conversion efficiency and service life, monocrystalline silicon and polycrystalline silicon cells are superior to amorphous silicon cells [3] [4] [5] . The conversion efficiency of polysilicon is lower than that of monocrystalline silicon, but the price is cheaper.
In practical applications, the generation characteristics of PV modules are affected by environmental factors. For example, when the intensity of illumination is large, the output voltage of PV modules is higher. Because the efficiency of photovoltaic module output power and power system is directly related, the photovoltaic power station must be real-time adjustment of the PV array operating point near the maximum power point, in order to ensure the power generation efficiency optimization, this method is called MPPT. Therefore, it is of great significance to study the generation characteristics of PV modules.
Methods

Principles of solar power generation
If the light is irradiated on the solar cell and the light is absorbed at the interface layer, photons with sufficient energy can excite electrons from the covalent bonds in p-type silicon and type N silicon, resulting in an electron hole pair. The electrons and holes near the interface layer will be separated from each other by the electric field of the space charge. Electrons move toward positively charged N regions and holes toward negatively charged P regions [6] . Through the charge separation of the interface layer, an outward, testable voltage between the P region and the N region will be generated.
At this point, electrodes can be placed on both sides of the wafer and connected to the voltmeter. For crystalline silicon solar cells, the typical values of opencircuit voltage are from 0.5 to 0.6 V. The greater the electron hole pair produced by illumination at the interface layer, the greater the current. The more energy absorbed by the interface layer, the larger the interfacial layer, i.e., the larger the cell area, the greater the current in the solar cell (Fig. 2) . Solar cell power generation system, also known as solar power generation system, is the conversion of solar energy to electricity, through the solar charging and A B Fig. 1 Photovoltaic cell and system. a Wireless sensor networks system. b Explanation of the principle of solar cell power generation system: sunlight is irradiated to the solar panel to generate electric current, which is provided to the electric equipment or battery energy storage system discharging controller to power the load, while charging the battery. The solar power generation system consists of a solar cell, a solar controller, and a battery (group). If the output power is AC 220 or 110 V, the inverter must also be configured.
Mathematical model
The equivalent model of photovoltaic module is shown in Fig. 3 .
In a unit time period, the illumination intensity is stable, so the photovoltaic component is equivalent to The n-type silicon becomes positively charged, and the p-type silicon is negatively charged, creating a current field across the cell the constant current source, and the R is the series resistance of the multi solar panel, which can be obtained according to Kirchhoff's current law:
According to Ohm's law, the relationship between the current and the voltage in the P-N junction is as follows:
The mathematical model of the generation characteristics of conventional photovoltaic modules can be obtained from the following [7] :
The parameters of the upper formula are as follows: ambient temperature is T, light intensity is C, light current is I LC , open-circuit voltage V oc , reverse cutoff current I RC , and PV component resistance R. The algorithm contains the following five parameters, just as The value of fill factor is always less than L. In fact, due to the influence of series resistance and shunt resistance, the value of the filling factor of the actual solar cell is lower than the ideal value given by the upper formula. The series and parallel resistances have a great influence on the filling factor. The series resistance is greater, the shortcircuit current decreased more, also reduced the number of fill factor; parallel resistance is smaller, the greater part of the current, open-circuit voltage drop more, along with the decline of the filling factor. (5) Conversion efficiency: the conversion efficiency of solar cells refers to the maximum energy conversion efficiency when the best load resistance is connected on an external circuit, equal to the ratio of the output power of the solar cell to the energy on the surface of the solar cell [10] . The photoelectric conversion efficiency of solar cells is an important parameter to measure the battery quality and technical level, the structure, and battery junction characteristics, material properties, working temperature, radioactive radiation damage, and environmental change and so on.
Calculation simulation
In building the test platform, the hardware for the Intel CPU i7-7700 K, 4GigaByte RAM, ASUS GTX1070 8GigaByte display memory, display card, Samsung 256GigaByte SSD hard disk, Windows 7 software (6. 
Results
Take the three steps for engineering experiments: first of all, the experimental samples are fixed on the experimental platform placed on the mountain. The semiconductor is connected to the load by a wire, and an ammeter is added to the voltmeter to measure the data. By changing the distance between the mountain and the light source, the light intensity and temperature are changed, and the fan is used to assist the control of temperature. Second, 104oF was selected as the reference temperature, and the characteristics of samples were observed during the change of light intensity from 250 to 750 W/m 2 and then keep the light intensity under the 250 W/m2 condition and record the data of the temperature change. Finally, select the next sample and repeat step 2. A series of output voltage output current and output voltage output power curves are obtained under different environmental parameters. The data of four time nodes are selected randomly, and the output characteristic curve is shown in Fig. 6 .
With the increase of illumination intensity E, the open-circuit voltage V oc increases with the logarithm of incident light intensity. In addition, considering the working principle of solar cells, the open-circuit voltage V oc will not increase indefinitely with the incident light intensity increasing. The maximum value of the opencircuit voltage is the voltage value at which the PN junction barrier height is zero [11] .
In other words, the maximum light solar battery voltage of PN junction barrier corresponding to the potential of V D is a bandgap and doping level-related value. In practice, the open-circuit voltage V oc is equivalent to Eg/q.
Discussion
The results showed that significantly affected the I-V characteristics and photovoltaic properties of sunlight intensity and series resistance of solar cells. When Fig. 4 The system work flow chart: U is the power, I is the current, and R is the resistance. The sensor collects temperature and intensity, calculates the parameters of the equivalent model, and outputs the results after matching the parameters sunlight intensity increases, the short-circuit current, open-circuit voltage, and maximum output power increased, while the fill factor is reduced; when the increase of series resistance, open-circuit voltage of the battery remains unchanged, and the short-circuit current, maximum output power, the power conversion efficiency, and fill factor decrease [12] .
The results also showed that the output power curve of solar cell has obvious nonlinear characteristics, and each curve has only one maximum output power point and an optimum load resistance value.
Conclusions
Through the analysis of DC equivalent circuit of solar cell, using MATLAB to establish the simulation model of solar cell, study the effect of sunlight intensity and battery internal resistance of battery volt ampere characteristics, short-circuit current, open-circuit voltage and the fill factor and power output performance. Draw the following conclusions:
(1) If the solar cell surface temperature increases, the output power drops, showing negative temperature characteristics. The temperature of the surface of the battery under illumination is 20°~40°higher than the outside temperature, so the output power of the battery is lower than that of the standard state. In addition, as the season and temperature changes, the output power is changing. (2) If the intensity of illumination is the same, the output power is greater in winter than in summer. The illumination characteristics and temperature characteristics, constant temperature, where changes in light intensity, short-circuit current (I sc ) and the light intensity is proportional to the maximum power and the light intensity is roughly proportional to; when the illumination intensity is constant, the temperature rises, the open-circuit voltage (V oc ) and maximum output power (P m ) decreased.
The above conclusions have practical application and guiding significance for solar cells as wireless sensor energy sources. The x-axis is the output voltage and the unit is volt. The y-axis is the output current and the unit is ampere. The two curves represent the current under different light intensity and different temperatures. b P-V curve which means the power-voltage curve, The x-axis is the output voltage and the unit is volt. The y-axis is the output power and the unit is Watt. The two curves represent the power under different light intensity and different temperatures
